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This invention relates generally to broadband communications systems, such as cable 



television systems, and more specifically to digital transmitters used within the reverse path of the 
broadband communications system. 



A broadband communications system 100, such as a two-way cable television system, is 
depicted in FIG. 1. The communications system 100 includes headend equipment 105 for generating 
forward signals that are transmitted in the forward, or downstream, direction along a communication 

20 medium, such as a fiber optic cable 1 10. Coupled to the headend 105 are several hubs 1 1 5 that serve 
sites that may be miles away from the headend 105. Included within the hubs 115 is fiber equipment 
for further transmission of the optical signals to optical nodes 120 that then convert the optical signals 
to radio frequency (RF) signals. The RF signals are further transmitted along another communication 
medium, such as coaxial cable 125, and are amplified, as necessary, by one or more distribution 

25 amplifiers 130 positioned along the communication medium. Taps 135 included in the cable 

television system split off portions of the forward signals for provision to subscriber equipment 140, 
such as set top terminals, computers, and televisions. 

In a two-way system, the subscriber equipment 140 can also generate reverse electrical 
signals that are transmitted upstream, amplified by any distribution amplifiers 130, converted to 

30 optical signals by the optical node 120, and provided to the headend equipment 105. More recently, 
however, new cable applications, such as interactive multimedia, Internet access, and telephony, are 
increasing the demand for additional reverse path capability. Cable operators are redesigning the 
networks 1 00 to increase the total reverse bandwidth and further refine the network to become two- 
way active. Some of the difficulties in the growth of the reverse path are that the conventional 

35 methods used to transmit reverse signals from a hub 1 15 to a headend 105 continue to become more 
complex and expensive as the numbers of reverse paths grow, i.e., more requirements for optical 
transmitters, optical receivers, and the connecting fiber links. Networks 100 are also beginning to 
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increase the physical territory to include areas that may not have been previously serviced with cable 
television and considered to be "green space." 

To address the increased demands on the reverse path, the analog signals within the reverse 
frequency range, such as from 5 MHz to 42 MHz, can be converted to digital signals. A simplified 
5 digital reverse system that can be used in a typical cable television system is depicted in FIG. 2. 

Digitizing the reverse bandwidth as shown in FIG. 2 allows the operator to increase the reverse path 
capacity that is demanded by the growing interactive applications. Briefly, a plurality of digital 
transmitters 205 each including an analog-to-digital (A/D) converter 208 receives analog electrical 
signals from a number of connected subscribers and converts the analog signals to digital optical 

10 signals. Linked to each transmitter 205 is a digital receiver 210 that includes a digital-to-analog (D/A) 
converter 215 located further upstream in the network 200. The D/A converter 215 converts the 
received digitized optical signals back to analog electrical signals for delivery to the headend and 
further processing. The A/D and D/A converters typically operate around 100 Mega samples per 
second (Ms/s) with each sample comprising around 1 0 bits to 12 bits. Consequently, the resulting bit 

15 rate of the transmitters 205 and the receivers 210 are around 1 Giga bit per second (Gb/s). Also, the 1 
Gb/s data stream is produced regardless of whether there is an RF signal present at the transmitter 
input or not. Additionally, each reverse link included in the network requires its own digital 
transmitter 205 and digital receiver 210. As subscribers upgrade their packages to include more 
advanced services, there may be more links required throughout the network 200 to handle the 

20 increased reverse traffic. 

It will be appreciated that the digital transmitters 205 and the digital receivers 210 can be 
utilized in a number of broadband communications products and applications, such as digital reverse 
transmission from an optical node 120 to the headend 105 or from a hub 1 15 to the headend 105. 

The significant number of transmitters, receivers, and connecting fiber presents an inefficient 

25 network design. Another major concern is the impact on the reverse path when operators begin 
pulling fiber closer to the subscriber. More specifically, the reverse, or upstream, path cannot 
optically combine the reverse signals coming from the digital transmitters 205. In other words, the 
links need to remain separate and cannot be combined. In contrast, in the forward, or downstream, 
path an optical splitter can be used to split the optical signal into a plurality of optical paths where 

30 each are then provided to a pocket of homes or, in the case of longer fiber runs, directly to a very 
limited number of homes. Since the signals cannot be combined in the reverse path, an increased 
number of reverse digital transmitters, digital receivers, and connecting fiber are required throughout 
the communications system in order to adequately transmit and receive the reverse RF signals from 
each subscriber. Thus, what is needed is a method and apparatus for combining the reverse RF 

35 signals in the optical domain in order to decrease the amount of required equipment and efficiently 
receive reverse RF signals at the headend. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a conventional broadband communications system, such as a 
cable television system. 

5 FIG. 2 is a block diagram of a simplified digital reverse system that is used in cable television 

systems of FIG. 1. 

FIG. 3 is a block diagram of a reverse path within a broadband communications system in 
accordance with the present invention. 

FIG. 4 is a block diagram of a forward digital and analog hybrid network. 
10 FIG. 5 is a block diagram of a digital transmitter for use in the communications system of 

FIG. 3 in accordance with the present invention. 

FIG. 6 is a block diagram of a descriminator circuit used in the reverse path of FIG. 3 in 
accordance with the present invention. 

15 

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT 

The present invention is directed to a "burst-mode" digital transmitter that includes a carrier- 
detect circuit and is illustrated in FIG. 3. FIG. 3 represents a portion of a reverse communications 

20 network 300 that combines the reverse RF signals that are transmitted from a plurality of digital 
transmitters 305. Briefly, the reverse communications network 300 includes several digital 
transmitters 305, where the actual number of transmitters 305 depends upon the network design. For 
example, if the operator pulls fiber directly to the subscriber, an increased number of digital 
transmitters 305 may be required. If the forward signals are converted to analog signals via an optical 

25 node and the signals are then transmitted over coaxial cable supplying an increased number of 

subscribers, in other words, the signals are transmitted over a hybrid fiber coaxial (HFC) cable, fewer 
digital transmitters 305 may be required. 

The output of each digital transmitter 305 is transmitted upstream through a digital network 
3 1 0. The digital network 3 1 0 may contain devices such as routers and switches that process and 

30 combine the digital signals. Internet protocol (IP) addresses allow the routers and switches to route 
the signals emanating from devices through interconnected fibers within the digital network 310. The 
digital signals are then received at a digital receiver 315 that further processes the signals and 
provides them to the headend within the communications network 300. 

The reverse communications network 300 can also be a hybrid network that includes both 

35 analog signals and digital signals. In a conventional "digital" network, the digital signals carry 
information relating to telephony, high-speed data, and local area network (LAN) emulation, for 
example. In a conventional "analog" network, the analog signals, though they are typically digitized, 
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carry information relating to broadcast video and video-on-demand (VOD), for example. The reverse 
communications network 300 shown in FIG. 3 can be a combination of both of these networks, 
thereby allowing both digital and analog signals to be combined and transmitted through the same 
digital network 310 and is discussed in further detail below. 

FIG. 4 is an example of a forward digital and analog hybrid network 400. One portion of a 
headend 405 provides the analog RF signals and another portion of the headend 410 provides the 
digital signals. It will be appreciated that the headends 405, 410 can be physically placed together or 
separately. Both the analog and digital signals are combined through a wave division multiplexed 
(WDM) multiplexer 415. The combined forward signals are then transmitted downstream via fiber 
through a digital network 420, which may include routers and switches, or other such devices that 
possess the means to route and process the individual wavelengths carrying the analog signals using 
conventional analog techniques. The forward signals are then demultiplexed, for example, at an 
Ethernet hub 425 that includes a WDM demultiplexer 430 and an optical-to-electrical converter (not 
shown). The demultiplexer 430 provides the original analog RF signals through a coaxial cable 
output 435. The analog RF signals are then amplified and split, if necessary, in the conventional 
manner and provided to a subscriber. The digital signals are provided to the subscriber via another 
communication medium, such as a CAT 5 rated twisted pair cable, which is connected to at least one 
output 440 of the demultiplexer 425. The digital signals generally enter the home through a typical 
telephone line to a modem, computer, or other digital communications device; whereas, the analog 
signals generally enter the home through coaxial cable to a modem, set-top, or television. 

Again the problem with a digital/analog hybrid network is not necessarily the forward 
application, but the transmission of the reverse analog RF signals in the upstream path since the 
reverse optical signals historically cannot be combined, thereby requiring separate links connecting 
digital transmitters and receivers. Referring again to FIG. 3 and according to the present invention, a 
method of combining the reverse optical signals regardless if the communications network is an 
analog network, a digital network, or a hybrid network is shown. Once the reverse analog RF signals 
are received at a particular transmitter 305, an A/D converter 320 within the transmitter 305 digitizes 
the signals. The signals are then provided to a delay/switch circuit 325. Coupled between the 
delay/switch circuit 325 and the output of the A/D converter 320 is a carrier-detect circuit 330. The 
carrier-detect circuit 330, which may be implemented using analog hardware or digital logic, 
continuously monitors the output of the A/D converter 320 until a digital RF signal is detected. In 
another embodiment of the present invention, the carrier-detect circuit 330 can be coupled to the input 
of the A/D converter 320 to detect any incoming analog signals. 

FIG. 5 shows the digital transmitter 305 in further detail. The carrier-detect circuit 330 
monitors the output of the A/D converter 320 to detect when digital signals are being transmitted. 
Concurrently, the digital signals are also provided to a delay circuit 505 that delays the signals 
sufficiently to allow the carrier-detect circuit 330 to determine that a signal is currently being 
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transmitted. The delay circuit 505 prevents any signals from being transmitted and lost prior to the 
determination by the carrier-detect circuit 330. When there are digital signals being transmitted and 
the carrier-detect circuit 330 has made the determination, the carrier-detect circuit 330 then controls a 
switch 5 1 0 to provide a continuous path that then allows the reverse digital signals access to the 
digital network 310 (FIG. 3) where they are combined with other digital signals via routers and 
switches, for example, for further transmission upstream. 

There is, therefore, in accordance with the present invention a digital signal only being 
transmitted to the output of each transmitter 305 when there is an RF signal present at the input of 
each transmitter 305. In contrast, the conventional digital transmitter 205 (FIG. 2) sends a continuous 
digital stream regardless of the presence of an RF signal at its input. It will be appreciated that the 
subscriber equipment does not continuously transmit reverse RF signals. As a result of this "burst- 
mode" transmission of reverse digital signals, the present invention, advantageously, allows the 
reverse communications network 300 to utilize a minimum number of digital receivers 3 15 and as few 
as one digital receivers 3 1 5 depending upon the network design, when previously a digital receiver 
210 (FIG. 2) was required for each digital transmitter 205. The instantaneous digital data stream at 
the output of digital transmitter 305 is still about 1 Gb/s; however, the average data rate may be much 
lower due to the "burst-mode" scenario of only presenting a digital stream when an RF signal is 
present at the input of the transmitter 305. 

Additionally, the individual links are not required for each transmitter as shown in FIG. 2. In 
contrast, more sophisticated networking strategies are possible within the digital network 310, such as 
switched digital networks or Ethernet protocols. The digitized reverse path RF signals may also be 
"piggy-backed" onto a conventional digital architecture. 

Again referring to FIG. 3, the reverse digital signals are provided to the digital receiver 315 
that includes a D/A converter 335. The D/A converter 335 converts the combined digital signals back 
to analog signals for processing at headend 340. Again, each reverse signal originating from a 
specific digital transmitter 305 has associated header information that is determined and controlled by 
that specific digital transmitter 305. More specifically, after the digital transmitter 305 digitizes the 
reverse analog RF signals, header information is assigned. One method is to incorporate analog 
hardware coupled after the delay circuit 505 that blocks the reverse signals and encapsulates these 
blocks into Ethernet packets. Each packet is given a header that includes an identifier that indicates 
that the signal is digitized reverse path data, destination information that indicates that the digital 
network 310 (FIG. 3) routes this particular packet to the digital receiver 315, and a time stamp so that 
the data in the packets are reassembled into a continuous data stream in the correct order. Other 
methods may be utilized, such as media access control (MAC) protocols. 

A digital network control system (DNCS) 345 located within the headend 340 controls the 
signals transmitting within the reverse path so that during processing within the headend, the received 
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information is applied to the correct subscriber. In this manner, the DNCS 345 effectively avoids 
collision of signals that may be emanating from subscribers at the same time. 

If the reverse communications network 300 is a hybrid network and incorporates the 
conventional reverse "digital" signals, such as Ethernet and high-speed data, a descriminator circuit 

5 605 routes the reverse "digital" signals to a different path before the digital receiver 315. The 

descriminator circuit 605 uses the header information to determine whether the received signals are 
the digitized "analog" signals or the "digital" signals as mentioned hereinabove. If the signals are the 
"digital" signals, the descriminator circuit 605 routes the signals to a digital headend for processing. 
If, however, the signals are the conventional "analog" signals, the signals are provided to the digital 

10 receiver 3 1 5 for conversion back to analog signals. The descriminator circuit 605 is typically 

included within the digital network 310 as routers and switches that simply receive the identifiers of 
the header information associated with the incoming packetized signals, and then route the signals to 
the correct upstream path, i.e., the analog path or the digital path. 

Advantageously, the reverse communications system 300 described in accordance with the 

15 present invention is able to process reverse optical signals in an efficient manner by combining the 
optical signals at the outputs of the digital transmitters 305. In this manner, less equipment, such as 
digital receivers and fiber, is required thereby lowering the operational costs of the networks. 
Additionally, as networks begin to offer more advanced services, and, more importantly, when the 
digital and the analog realms begin to merge, the present invention is able to process both signals 

20 along the same digital network 310. This is extremely important in that two separate networks will 
not have to be physically combined to handle the different signals; but instead, a digital network 310 
already in place can combine the different signals by simply adding the digital transmitter 305 in 
accordance with the present invention. In summary, as the digital and analog service providers begin 
to merge, they will be analyzing very closely the feasibility of providing both services by looking at 

25 the infrastructure that is currently in place to minimize any capital costs that can be avoided relating to 
the future services that may be provided. 
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